Abstract-The paper analyzes the possibility of using the IEEE 802.11 standards for communication between the elements of robotic systems in terms of radio frequency (RF) channels congestion exterior traffic.
INTRODUCTION
This The development of IT in terms of construction machinery control systems leads to the intensive development of cybernetic devices and robots used in various fields of economic activity [1] [2] [3] [4] [5] . In most applications of robots and robotic systems the organization of communication between its elements is required. To ensure mobility of the system elements, various technology of wireless communication is usually used [6] [7] [8] [9] [10] [11] . Communication between elements should be capable of transmitting a control signal, as the monitoring data, including images and video. To solve the tasks of interactive control of mechanisms, specific timing requirements for the delivery and control of monitoring data are shown. Meanwhile the bandwidth link between the elements of the system should provide the transfer of video and other data. To implement the radio channel, which satisfies these requirements, often standard solutions using unlicensed portions of RF spectrum are chosen. The most commonly solution is to use the IEEE 802.11 family of standards, which have the potential to ensure the completion of requirements on bandwidth. This family of standards is widely used for the organization of PAN-scale networks, and with the increasing number of devices that support them, this section of RF spectrum is used extensively (smartphones, tablets, TV receivers and other consumer electronics). For that matter, it is appropriate to evaluate the potential use of these technologies for communication between elements of the robotic system in dense urban environment where the probability of the use of a radio channel by external systems can be large enough to significantly reduce the channel bandwidth. With this aim, the research was conducted using the characteristics of standard IEEE 802.11 channels in urban dense environment.
II. THE EXPERIMENTAL CONDITIONS
A radio channel condition depends on many factors, depending on the localization of a transceiver device, environment, interference sources and its use by exterior devices. The degree of influence of each of these factors is determined by the specific conditions of use, however, as the characteristics of a radio channel use in an urban dense environment, statistical evaluations can be used, obtained for typical conditions [12] . In this study, as these conditions, the urban environment is considered, also it is assumed that the target system is mobile, and its speed of movement is comparable to walking pace. Therefore the move scenario in an urban environment with the average walking speed (3.8 km/h) was selected for study. As for movement trajectory, a random route was selected through the residential, business and mixed zone. Length of the route was 10.5 km and time of passage of the route -2 h 48 min, the average speed -3.8 km/h.
With the passage of the route, registration of features use of standarts' channels IEEE 802.11 is performed. Preliminary analysis of channel utilization showed that the current high degree of use is typical for 2.4 GHz channels. Therefore, for further analysis this range is selected.
Selection of technical means for obtaining statistical assessments was performed on the assumption that they have the characteristics in part of the transmit and receive data close to the characteristics of currently mass-produced devices. As the registration mean, a module based on microcontroller ESP8266 was chosen [13] , allowing the implementation of additional user-defined functions with the software [14, 15] . To implement the functions of statistics collection, program has been developed that provides monitoring of IEEE 802.11 b/g/n standards for wireless networks in the frequency range 2.4 GHz. The device is placed in a shielded enclosure and is equipped with a standard external whip antenna.
A. Use Indicators
To characterize the channels usage of examined standards, the following parameters were selected: the number of networks (access points), the rate of the frame data transmission rate and the signal level at the receiver, the Relative Signal Strength Indicator (RSSI).
III. THE NUMBER OF NETWORKS (ACCESS POINTS)
Collecting statistics on the number of networks was produced in the movement of scanning all 2.4 GHz range channels, with a period of 5 seconds. Average number of recorded by scanning access points was 24,7. Table I summarizes the overall results of the monitoring data.
TABLE I. OVERALL RESULTS OF MONITORING OF ACCESS POINTS

Parameter
Measurement units Values
The total number of scans pcs 1944
Interval of scanning s 5
The total number of recorded unique SSID pcs 4740
The total number of recorded unique MAC address pcs 5707
The average number of access points in the coverage area pcs 24,7
The minimum number of access points in the coverage area pcs 1
The maximum number of access points in the coverage area pcs 79
The mean-square deviation of the number of access points in the coverage area pcs 15,3
The average residence time in the access point coverage area s 21,7
Figure I shows a graph of changing the number of access points within range of the time (moving device). The empirical distribution of the number of access points in the coverage area is shown in Figure II . Empirical distribution approximated distribution Pascal (negative binomial distribution) [16] .
Distribution parameters r = 4, p = 0,139.
This result can be interpreted as follows. If the access points are uniformly distributed throughout, ie they form a Poisson field and the reception area is a circle or other geometric shape [17] , the probability of finding k points of access in the reception area to obey the Poisson distribution
with parameter equal to =S where  -density of access points, and S -the acquisition zone.
However, if the parameter  is random and is distributed according to a gamma distribution with parameters r and p [16] , the number of access points are distributed according to a negative binomial distribution (1) . In this case  parameter is determined by the density and area of the access point coverage area. Area coverage area depends on random factors affecting the level of the received radio signal. Thus, the parameter  is accidental, resulting in a difference between the obtained distribution of the Poisson distribution.
According to the number of detections of multiple access points in the input area, estimation of the residence time in the access point coverage area can be constructed. The probability distribution of the residence time Access Point in the reception area is shown on Figure III . Empirical distribution is approximated by an exponential distribution:
where the parameter distribution α = 21,7 s.
IV. USING THE CHANNEL
The overall results of monitoring the usage of channels are shown in Table II .
Advances in Intelligent Systems Research, volume 133 TABLE II. OVERALL RESULTS OF THE MONITORING THE USAGE OF CHANNELS
Parameter
Measurement units Values
Interval of scanning s 2988
The total number of recorded frame pcs 150451
The total data volume in the observed frames Mbyte 33,99
The average frames rate in the channel fps 50,4
The standard deviation of frames rate in the channel fps 37,6
Minimum frames rate in the channel fps 0
Maximum frames rate in the channel fps 578
The average size of the frame byte 237
Average traffic rate in the channel kbit/s 11,65
The standard deviation of the traffic rate in the channel kbit/s 14,98
Maximum traffic rate in the channel Mbit/s 2,54
Minimum traffic rate in the channel bit/s 0
The average value of RSSI dBm -85,46
The standard deviation of the RSSI dBm 3,90
The minimum value of RSSI dBm -97,00
The maximum value of RSSI dBm -54,69 Figure IV shows the empirical distribution of frame rate and an approximation of Pascal distribution (1) . The distribution form of frames rate is close to the distribution shape of the number of access points ( Figure II) . As seen from this diagram, the maximum rate of frames occurs in the channels 6, 11 and 1 in decreasing order of the evaluated values. This result is somewhat expected because most of devices (acting as access points) use these channels as the most spread between each other in frequency. The greatest value of the average rate of frames occurs in a channel with a 6 number. The maximum registered value during the observation for this channel totaled 578 frames/s, minimum 8 frames/s. From Figure VII it is seen that there is no obvious dependence of the average level of the received signal from the channel number. The minimum value of the average reception level takes place on the first channel. Comparing the data of Fig. VI and Fig. VII , it can be assumed that the low RSSI level and the low frames rate compared to channels 6 and 11, are due to unevenness of receiver characteristics to the lower limit range. The figure shows the empirical distribution and its approximation of Nakagami distribution [12]   2. When moving the receiver with an average speed of 3.8 m/s, the number of access points in the reception area (with the received signal level RSSI is not lower than -100 dBm) is the probability distribution is close to the distribution of the Pascal (negative binomial distribution).
3. The residence time in the zone of the access point of the movable receiving device (with an average speed of 3.8 km/h) is distributed according to the law which is close to the exponential law, the average value was 35,2 s.
4. The distribution of frame rate in the monitoring zone was close to the law of Pascal distribution. The average value of frame rate was 50.4 frames/s. The maximum frame rate was 578 frames/s. 5. The average value of the traffic rate on the monitoring results was 11.65 Kb/s, the maximum value -2.54 Mb/s. These results indicate a relatively low use of the channel. The maximum obtained value is equivalent to the traffic generated by a single video stream.
6. Average frame size was 237 bytes. This result is based on the fact that the average rate of the frames is based on the access point is 24.49 frames/s, indicates that a significant proportion of the traffic (about 40%) of the service traffic.
7. The level of the received signal from the sources of traffic (estimated indicator RSSI) has a distribution close to Nakagami distribution. The average value of RSSI was 85.46 dBm.
Summarizing the results, it can be concluded that the state of IEEE 802.11 standards family channels in the 2.4 GHz band is characterized by a considerable presence of devices operating in this range. The probability of hitting a coverage area at least one device is close to 1. However, the use of the channels of this range is relatively low, a large proportion of the traffic is service data of the IEEE 802.11 protocols. Thus, the probability of a channel overload with an exterior traffic is sufficiently small and this range can be used for communication between objects in a robotic system in urban dense environment. Research, volume 133 
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